Background: Dietary supplements targeting fat loss and increased thermogenesis are prevalent within the sport nutrition/weight loss market. While some isolated ingredients have been reported to be efficacious when used at high dosages, in particular in animal models and/or via intravenous delivery, little objective evidence is available pertaining to the efficacy of a finished product taken by human subjects in oral form. Moreover, many ingredients function as stimulants, leading to increased hemodynamic responses. The purpose of this investigation was to determine the effects of a finished dietary supplement on plasma catecholamine concentration, markers of lipolysis, metabolic rate, and hemodynamics.
Background
The prevalence of obesity has grown to epidemic proportions within the United States in recent years, with an estimated 400 million people now being classified as obese [1] . Methods to treat this growing problem traditionally include increased physical activity and modification of dietary intake, as well as surgical, pharmaceutical, and nutritional supplement interventions [2] . Due to the difficulty of maintaining regular physical activity and optimal dietary practices, many individuals seek weight management support in either a pharmaceutical or dietary supplement. Furthermore, due to concern over potential adverse outcomes associated with prescription drug use, many consumers prefer over the counter (OTC) dietary supplements. While some isolated OTC ingredients have been reported to be efficacious in terms of increasing lipolysis, most have only been studied at high dosages, often using animal models or in vitro systems, as opposed to human subjects and oral intake [3] . Despite this fact, many dietary supplement manufacturers use such ingredients in their formulations and make claims based on scientific findings that may have little or no relevance to the actual product of sale. This is particularly concerning when the dosage of the "key ingredient" used in many finished products is often far lower than that used in the original research studies. Moreover, many ingredients (e.g., ephedrine) function as stimulants, leading to an undesired and potentially harmful increase in heart rate and blood pressure.
One ingredient that appears to have promise as a dietary aid is yohimbine. Yohimbine is a member of the yohimbane family, a large group of indole alkaloids derived from botanical sources. Pharmacologically, yohimbine is well-characterized as an alpha-2-adrenergic receptor antagonist and has been demonstrated to increase lipolysis in vitro [3] , possibly due to its ability to stimulate a reliable increase in blood norepinephrine (NE); a finding evident in multiple studies involving human subjects receiving single dosages [4] [5] [6] [7] . While not as universal a finding, other work has also demonstrated a significant increase in blood epinephrine (EPI) levels with yohimbine intake [7, 8] . The increase in NE with acute yohimbine ingestion has been associated with an increase in blood free fatty acid levels [4, 5, 8] , indicating a lipolytic effect of this nutrient. This is likely mediated by the interaction of NE with hormone sensitive lipase (HSL), the rate limiting enzyme in lipolysis [9] . Yohimbine may also aid in lipolysis by acting to improve blood flow [10] , and hence, the transport of fatty acids to peripheral tissues to undergo oxidation.
Synephrine (also known as Bitter Orange, Sour Orange, and Seville Orange) has been suggested as an effective dietary aid, as this trace endogenous bioamine activates beta-3 receptors and may result in lipolysis and appetite suppression [11] . Since April 12, 2004 when the Food and Drug Administration banned the sale of dietary supplements containing ephedrine alkaloids, interest in synephrine has risen sharply. In fact, many ephedrine-free products currently being sold contain synephrine as an active ingredient.
Caffeine is a central nervous system stimulant, technically classified as a methylxanthine, which has a temporary effect on increasing lipolysis and thermogenesis [12, 13] . This is likely due to its action on the "second messenger system" known as 3', 5'-cyclic adenosine monophosphate (cAMP), which is a crucial component in fatty acid metabolism where it functions to activate cAMP dependent protein kinase [14] . Caffeine has the ability to both decrease the breakdown of cAMP, as well as increase cAMP production via beta-adrenergic receptor independent and dependent mechanisms, respectively [12] . Caffeine is also an adenosine antagonist, capable of blocking the inhibitory effects of adenosine on further NE release, ultimately resulting in an increased or sustained level of NE in the circulation [15] . As such, caffeine is popular as a dietary weight/fat loss aid.
It is unknown what the potential effects of the above combination of ingredients would be on blood catecholamines and markers of lipolysis. Recently, these ingredients (in addition to other ingredients as presented in Figure 1 ) have been combined for delivery as one convenient capsule (Meltdown ® ; Vital Pharmaceuticals, Inc.). Two initial studies using this product have noted an increase in subjects' resting [16, 17] and post exercise [17] metabolic rate when compared to placebo. However, neither of these studies included blood measurement of catecholamines or markers of lipolysis. Therefore, the interpretation of findings is limited. It was our purpose in the proposed research to extend these findings by studying the impact of this dietary supplement on blood catecholamine levels, markers of lipolysis, metabolic rate, and hemodynamics in human subjects. Using a double blind, randomized, crossover design, we hypothesized that the dietary supplement would result in an increase in NE, markers of lipolysis, and metabolic rate in our sample of resistance trained men, in comparison to a placebo.
Methods

Subjects
Ten healthy, resistance trained men participated in this investigation. Subjects completed a medical history and physical activity questionnaire to determine eligibility. No subject was a smoker or had diagnosed metabolic or cardiovascular disease. Subjects were considered to be well-trained and performed resistance exercise for 4.6 ± 2.2 hrs per week for 8.4 ± 6.6 yrs. Descriptive characteris-tics are provided in Table 1 . Subjects were instructed not to deviate from their current training regimen during the course of the study with the exception of refraining from exercise for the 48 hours prior to each testing day. All experimental procedures were performed in accordance with the Helsinki Declaration. The University of Memphis Human Subjects Committee approved all experimental procedures. All subjects provided both verbal and written consent prior to participating in this study.
Conditions and Testing
The dietary supplement used in this investigation (Meltdown ® , Vital Pharmaceuticals, Inc., Davie, FL) included yohimbine, caffeine, and synephrine as the primary active ingredients. Please see Figure 1 for a description of the dietary supplement. All capsules used in this investigation were from the same bottle and produced in accordance with Good Manufacturing Practices (GMPs). Prior to production, all raw materials were tested for ingredient potency and the finished product was verified for label claims. Subjects consumed three capsules of the dietary supplement or an identical looking placebo (corn starch, microcrystalline cellulose, super refined sesame oil, propylene glycol fatty acid ester, safflower oil, sunflower oil) in a double blind, cross-over design. No food was allowed until testing was completed, although water was allowed ad libitum and matched for both days of testing (mean intake = 500 mL).
Subjects reported to the laboratory in a fasted state (> 8 hours), without caffeine consumption during the past 8 hours. All testing was done between 0600-1000 hours. Following a 10 minute quiet rest period, a baseline blood sample was obtained (0 min). Subjects then ingested either the supplement or placebo, in the presence of an investigator. Subjects remained inactive during the entire 90 minute test period. At 30 minutes post ingestion, a second blood sample was taken (30 min). A measurement of resting metabolic rate, using indirect calorimetry, was then started and continued for 30 minutes. Subjects were positioned in a seated posture and gas analysis was performed with breath-by-breath collection using a SensorMedics Vmax 229 metabolic system (Yorba Linda, CA) and facemask. Subjects were familiarized to the facemask prior to the collection period, instructed to simply breathe normally, and to remain quiet and awake during the 30 minute measurement period. Subjects were allowed to read during the collection period. All gas collection took place in a temperature and humidity controlled laboratory, and both the flow sensor and gas analyzers were calibrated prior to data collection. Total oxygen consumption (L·min -1 ) was determined and total kilocalorie expenditure was estimated from this value. Respiratory exchange ratio was also determined from gas collection (CO 2 /O 2 ), and used as a crude measure of substrate utilization. At the end of the 30 min collection period, a third blood sample was taken (60 min). A final blood sample was taken at 90 min (90 min). Measurements of heart rate (via heart rate monitor) and blood pressure (via auscultation) were taken immediately prior to each blood sample, in a seated position. Procedures were identical for both test sessions (supplement and placebo). Figure 1 Label description of Meltdown ® . Blood Processing and Biochemistry A total of four venous blood samples (7 mL per draw) were taken from subjects' forearm via needle and Vacutainer ® by a trained phlebotomist. Following collection, blood samples were immediately processed in a refrigerated centrifuge in order to obtain plasma (4°C for 15 min at 2000 × g). Plasma samples were stored in multiple aliquots at -80°C. All assays were performed within two months of sample collection, in duplicate, and on first thaw. NE and EPI were determined using an enzyme linked immunosorbent assay (2-CAT ELISA, BA 10-1500; Rocky Mountain Diagnostics) following the instructions of the manufacturer (Labor Diagnostika Nord GmbH & Co. KG). In this competitive ELISA, NE and EPI are extracted by using a cis-diol-specific affinity gel, acylated, and then derivitized enzymatically. The coefficient of variation (CV) for NE and EPI was 9.8% and 6.9%, respectively. Glycerol was determined using the Free Glycerol Determination Kit (FG0100) and Glycerol Standard (G7793), following the instructions of the manufacturer (Sigma Aldrich). The CV for glycerol was 7.8%. Free fatty acids were determined using the Free Fatty Acid Quantification Kit (K612-100) following the instructions of the manufacturer (BioVision). The CV for FFA was 9.2%.
Label description of Meltdown ®
Diet and Physical Activity
During the 24 hours before each test day, subjects consumed prepackaged meal replacement drinks and bars provided by the project sponsor. These contained a mix of protein, carbohydrate, and fat. Subjects were given 3 shakes and 3 bars and instructed to consume as many as they desired, with no other food or calorie containing drinks. The amount consumed during the day preceding the initial test day was mimicked during the day preceding the second test day. The average intake of subjects was a combination of 5 shakes/bars. This provided approximately 2000 kilocalories. Regarding physical activity, subjects were asked to avoid strenuous exercise during the 48 hours preceding the test days.
Statistical Analysis
Area under the curve (AUC) was calculated for each biochemical variable for both conditions using the trapezoidal method (AUC G ) as described in detail by Pruessner et al. [18] . Statistical comparisons for biochemical (AUC G ) and metabolic data were made between conditions using t-tests. Biochemical data, in addition to heart rate and blood pressure data, were also compared using a 2 (condition) × 4 (time) analysis of variance (ANOVA). Tukey's post hoc tests were used where appropriate. All analyses were performed using JMP statistical software (version 4.0.3, SAS Institute, Cary, NC). Statistical significance was set at P ≤ 0.05. The data are presented as mean ± SEM, except for subject descriptive characteristics (mean ± SD).
Results
All subjects successfully completed all aspects of the study. AUC was greater for the dietary supplement compared to the placebo for NE ( Figure 2B ; p = 0.03), glycerol ( Figure  3A ; p < 0.0001), and FFA ( Figure 3B ; p = 0.0003). No difference was noted between conditions for EPI ( Figure 2A Table 2 .
Discussion
Data from the present investigation indicate that the dietary supplement Meltdown ® , ingested at the exact dosage as recommended by the manufacturer, results in an acute increase in plasma NE, glycerol and FFA (when measured using AUC; in addition to a condition main effect for EPI when measured using ANOVA), as well as an increase in metabolic rate. This occurs despite only a mild increase in heart rate and systolic blood pressure, with no increase in diastolic blood pressure. Although metabolic rate was higher for Meltdown ® compared to placebo, it should be noted that the typical day-to-day variance in this measure is estimated at 4-6% [19] . Hence, this should be considered when interpreting our findings.
Although it is impossible to determine which of the active ingredients contained with this and other finished products are actually responsible for the observed effects, it is likely that the present findings are due to the three primary ingredients in Meltdown ® ; yohimbine, caffeine, and synephrine. Based on our findings of minimal hemodynamic changes, coupled with the significant increase in NE, we believe that yohimbine may be the most important component to this supplement.
Plasma epinephrine (A) and norepinephrine (B) data for 10 men consuming Meltdown ® and placebo in a randomized cross-over design 
B
The process of fatty acid oxidation involves the complex interplay between HSL, the specific hormones acting to stimulate HSL, and the receptors that bind to these hormones in order for them to exert their effect [9] . Although many hormones may be involved in fatty acid metabolism (e.g., growth hormone, thyroid hormone, ACTH, cortisol), the catecholamines EPI and NE appear paramount [9] . These interact with both beta adrenergic receptors (EPI and NE), as well as alpha-adrenergic receptors (NE). Depending on which receptors are activated, lipolysis can be either stimulated (beta) or inhibited (alpha), with optimal HSL activity observed in the presence of low insulin levels.
While yohimbine itself has been reported in several studies to increase blood NE [4] [5] [6] [7] , NE is not selective in its binding. That is, while it can bind beta receptors (1, 2, and 3 sub-class), it also binds alpha receptors (1 and 2 subclass) [20] . Therefore, in a way, NE may both "stimulate" and "inhibit" fatty acid mobilization. Specifically, activation of alpha 2 receptors inhibits further release of NE, allowing NE to act as its own negative feedback signal. Because yohimbine is a selective alpha-2-adrenergic receptor antagonist, it can function to impair the negative feedback loop specific to NE. This effect, coupled with the stimulatory effect of yohimbine on NE release, allows for a net increase in circulating NE. This was clearly demonstrated in the present investigation ( Figure 2B ). This occurred despite the relatively low dosage of yohimbine provided (9 mg) compared to other studies using dosages equal to 2-5 times this amount [4] [5] [6] [7] . It is possible that the form of yohimbine used in the dietary supplement could be responsible for the significant increase in NE, as a combination of yohimbine HCl, alpha-yohimbine, and 11-hydroxy yohimbine make up the total yohimbine complex provided in Meltdown ® .
Total kilocalories (A) and mean respiratory exchange ratio (B) data for 10 men consuming Meltdown ® and placebo in a randomized cross-over design Although HSL may be ultimately stimulated by the increase in EPI and NE, it is the initial binding of the catecholamines to beta receptors that begins the secondary intracellular activation of adenylyl cyclase [21] . Activation of adenylyl cyclase results in an increased production of cAMP [14] , which in turn leads to the activation of a cAMP dependent protein kinase (PKA) [22] . It is PKA that ultimately activates HSL leading to triglyceride breakdown and subsequent release of glycerol and FFA into the circulation.
Caffeine possesses lipolytic/thermogenic effects due to its ability to both decrease the breakdown of cAMP as well as increase cAMP production via beta-adrenergic receptor independent and dependent mechanisms, respectively [12] . The independent effects are due to caffeine's ability to directly inhibit cAMP degradation, by inhibiting the cyclic nucleotide phosphodiesterase [23] and blocking adenosine receptors (anti-lipolytic agent receptors). The direct effect results from an increase in catecholamine release following caffeine ingestion, which may be secondary to the previously described adenosine inhibition [12] . The potential role of synephrine as a lipolytic agent is also specific to its ability to interact with beta receptors (3 sub-class), thereby promoting lipolysis via the above described cAMP dependent mechanism [24] .
In addition to yohimbine, caffeine, and synephrine, several other ingredients are included within Meltdown ® . These include the amphetamine-like/thyroid stimulating agent phenylethylamine (PEA), which has been reported to cause a significant reduction in 24 hour food intake, and a dose dependent reduction in body weight gain in rats [25] . This may be due partly to the effect of PEA on stimulating blood catecholamine levels and inhibiting their reuptake [26] . The monoamine oxidase inhibitor methyl hordidine is also contained within this supplement. Hordinine is structurally similar to EPI and has been shown to liberate NE from its storage site, in addition to inhibiting NE metabolism [27] . The lipolytic agent methyl tetradecylthioacetic acid is also included. It is known to stimulate beta oxidation [28] and is clearly involved in lipid transport and utilization [29] . Finally, the satiety hormone cholecystokinin (CCK-8) may have an influence on food intake if provided over a prolonged period of time.
Collectively, the above ingredients appear to represent a substantial list of potentially effective lipolytic agents. While it is possible that these additional ingredients may have contributed to the overall effectiveness of the dietary supplement in regards to our findings of increased lipolysis and metabolic rate, based on the relatively low dosages provided (in comparison to those used in prior investigations where these ingredients have been studied in isolation), it is difficult to state with certainty that their contribution was significant.
It is important to note that our findings for all blood variables following intake of the dietary supplement were highest at the 90 minute post ingestion mark. It is indeed possible that further increases may have been observed at times distant to this. Further study to determine the time course of increased lipolysis is warranted. Based on the work of Hoffman et al. [16] who noted an increase in metabolic rate during hours one, two, and three following ingestion of this dietary supplement, it is likely that the corresponding blood variables would also remain elevated during this time. If so, the potential for increased fat mobilization is apparent. More importantly, if coupled with acute bouts of exercise, fat "burning" may be increased significantly during this period of time, potentially resulting in decreased body weight/body fat. Of course, longer term intervention studies are needed to test this hypothesis.
Conclusion
In conclusion, we report that the finished product Meltdown ® , ingested at the exact dosage as recommended by the manufacturer, results in an acute increase in plasma NE, glycerol, and FFA (measured using AUC), EPI (measured using ANOVA), as well as metabolic rate. This occurs despite a minimal increase in heart rate and systolic blood pressure. Our findings are specific to a sample of young, healthy, and lean resistance trained men. Further study is needed to determine if similar or more pronounced findings are observed in a sample of overweight/sedentary men and women, who often respond to a greater extent to such treatment. Longer term studies are also needed to determine if the lipolytic effects of this supplement extend beyond 90 minutes post ingestion. Finally, intervention studies are warranted to determine the impact of this dietary supplement on weight/fat loss.
